Results-The reliability coefficients r1 of 'flow', 'volume', and 'velocity' were 0*84, 0-85, and 0-84 respectively. We found a significant linear relation between SLDF flow and the ocular perfusion pressure (r=0-84, p<0001). Comparative measurements of the retinal blood flow by SLDF Firstly, the effect of changes in ocular pressure on flow and volume was studied. The ocular pressure was increased by a suction cup of 9 mm in diameter in three healthy volunteers. This method uses plastic suction cups of very low weight (about 0-2 g) that adhere to the eye at negative pressures. The cup was placed on the temporal sclera of the eye. The vacuum was increased to negative pressures of 100, 200, and 300 mm Hg. The relation between the negative pressure applied and the resulting IOP was determined by available conversion curves.8 This curve was established for healthy volunteers of ocular refraction allowing deviations within + 2-0 and -2-0 dpt. After establishing the baseline by performing four perfusion pictures, the negative pressure was increased for 1 minute to 100 mm Hg, then to 200 mm Hg and to 300 mm Hg. For each pressure level four perfusion pictures were performed. Retinal and optic nerve head blood flow were evaluated off line. The data of three retinal areas of 100 ,um x 100 ,um were averaged.
Secondly, we proved how measurements of retinal blood flow performed by the presented method (SLDF) are correlated with data gained by a commercially available laser Doppler flowmeter (Oculix Inc).3 We examined the retinal blood flow in defined retinal areas by SLDF and by LDF (Oculix Inc) in 47 eyes. By plotting the measured blood flow variables. Flow, volume, and velocity of both devices the correlation coefficient and the p value between SLDF and LDF were calculated.
In this preliminary study the reliability and the validity of the technique were estimated. Perfusion images of flow, volume, and velocity of the superficial retinal vasculature and of the deep ciliary sourced vasculature of the optic nerve head were investigated.
Results

RELIABILITY
The reliability of the quantitative analysis of the retinal perfusion map is good. The reliability coefficients r, of flow, volume, and velocity are 0-84, 0-85, and 0-84 respectively. This means that only 16%, 15%, and 16% of the variability of the measurement of flow, volume, and velocity are produced by the error component.
VALIDITY OF THE METHOD
The retinal and optic nerve head blood flow decreases when increasing the negative pressure inside the suction cup. By increasing the negative pressure in the suction cup to 200 mm Hg the retinal and optic nerve head blood flow decreased by 430/o-54O/O and 340/6-57% respectively, elevation of the negative pressure in the Figure 3 shows technique is not capable of measuring blood perfusion layers of the optic nerve head of dif-flow in larger vessels. Only in regions of ferent depths. Focusing on the superficial retina interest with Doppler broadenings lower than SLDF produces a picture of the superficial reti-2000 Hz were reliable measurements available. nal vasculature of a normal eye (Fig 3, upper The comparative measurements of retinal line). When focused deeper the superficial reti-blood flow by SLDF and a commonly used nal capillaries disappear and only ciliary sourced laser Doppler flowmeter in corresponding capillaries of the prelaminar optic nerve head retinal areas showed a significant and linear are depicted (Fig 3, lower lines) . relation between SLDF and the commercially Figure 4 
LIMITATIONS OF THE METHOD
The total time of measurement is 2 seconds. Therefore patients with bad fixation may show artefacts in the perfusion picture owing to eye movements (microsaccades) during the measurement, giving a horizontal white line in the perfusion picture. Before and after the microsaccade the fixation of the eye is stable, leading to correct values of the perfusion measurement. In these areas of the perfusion picture retinal vessels and capillaries are sharply imaged. Only during the time of the microsaccade are the examined retinal points moving with a high velocity, leading to extremely high flow rates. In this area all pixels are very bright. Thus, only the offline measurement of perfusion variables below and above the white line of the perfusion picture resembles correct perfusion values (Fig 5) .
If the examined patient is not able to fixate at all, the perfusion picture is grey and shows no details of the retinal vasculature. In this case the picture is left out.
The choriocapillary meshwork is not imaged when focused on deep layers of the retina. Owing to the high absorption of the used laser light by the retinal pigment epithelium the choroidal vasculature remains invisible using laser light with wavelengths of 670 or 790 nm.
The scattering processes of stationary and moving particles in retinal tissues can not be described exactly. Thus it is difficult to interpret the quantitative results for single measured pixels. The application of the Bonner and Nossal theory leads to impressive maps of the perfusion of the retina and the optic nerve head. The exact theory of the scattering processes (number of scattering events, scattering angles) needed to be investigated in more detail. Nevertheless, the described method yields a two dimensional index for retinal perfusion.
Conclusion
The combination of scanning laser ophthalmoscopy and laser Doppler flowmetry leads to a visualisation of perfused capillaries and vessels of the retina and the optic nerve head. SLDF enables a non-invasive, high resolution mapping of perfused vessels and capillaries of the -retina and the optic nerve head. Using a two dimensional measurement of the perfusion coded by the Doppler shift it is possible to perform a reproducible quantification of capillary blood flow of distinct areas of the capillary meshwork of the retina and the optic nerve head. X=21T( fP(f)df)/P(f=0) (6) 125 Using equation (6) Velocity=w/X (7)
Performing this sampling procedure point by point yields the map of the blood perfusion of a distinct retinal area. Our data acquisition and evaluation system is a modified laser scanning tomograph. The spatial resolution accuracy of the scanning laser system is 10
Iim. 1I The examined retinal area has a size of 2 7 mmX0 7 mm and is mapped by a resolution of 256 pointsX64 lines. Laser diodes with wavelengths of 670 nm and 790 nm, respectively, and optical powers of 100 ,uW and 200 ,uW, respectively, are used as the light source. Laser light with a wavelength of 670 nm is subjectively brighter for the patient than 790 nm. On the other hand, laser light at 790 nm produces better tomographic pictures of the optic nerve head vasculature by better penetration through the neuronal tissue.
The scanning laser system examines the retina in a 100 field without pupil dilatation using a confocal optical system. Each horizontal line of 256 pixels is scanned 128 times with a line repetition rate of 4000 Hz. This process is repeated for each of the 64 horizontal rows. This leads to an intensity matrix of 256 pointsX 128 timesX64 lines. The total data acquisition time is 2-048 seconds. Performing a fast Fourier transform (FFT) of the 128 intensity values of each retinal point yields the spectrum of the Doppler shift of any retinal point. Doppler frequencies less than 2000 Hz can be detected correctly using a line sampling frequency of 4000 Hz. To minimise the influence of other movements such as breathing, cardiac action, and intensity fluctuation owing to other effects frequencies lower 125 Hz were excluded.
With the calculated data of flow (equation (5) ), volume (equation (6)), and. velocity (equation (7) Figure  6 shows schematically the principle of function of SLDF.
By the confocal principle of the scanning laser system used it is possible to focus the laser beam on superficial or deep layers in the prelaminar region of the optic nerve head. The thickness of an imaged layer is 300 ,um, owing to the optical characteristics of the eye and the SLDF machine (optical resolution parallel to the optical axis of the eye, size of the optical aperture, etc). Thus only light which comes from the imaged layer of 300 ,um is detectable. The size of the region of interest (ROI) is variable (from 1 pixelX 1 pixel to 50 pixelsX50 pixels). The optimal size was 10 pixelsX 10 pixels (= 100 ,umX 100 pum). The operator identified the ROI in the perfusion picture by 'mouse'. Using the algorithm the perfusion variables were normalised regarding the reflectivity by division through P(f=0) (see equations (5) and (6) 
